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In a  recent note (1)  the isolation of a  highly purified fraction of the ultra- 
filterable portion of chick embryo extract was reported. This fraction contained 
only 3  per cent of the ultrafilterable nitrogen but was  capable of completely 
restoring  the  growth-promoting  activity  of  dialyzed  embryo  extract  when 
tested with chick heart fibroblasts in vitro. The isolated fraction was shown to 
contain relatively few compounds and the presence of the amino acids taurine, 
serine, and glutamic acid has already been reported (2). In view of the increas- 
ing interest in the development of a synthetic medium for tissue cultures (3-6), 
it appears desirable to report the details of the fractionation procedure and of 
tissue culture studies with the isolated fractions. A  subsequent paper in this 
series will deal with the identification of components and the effects of synthetic 
mixtures on the growth of cells in dtro. 
EXPE~ ~F~'-NTAL 
Culturing Materials and Metkod.--The  culturing technique was  that reported by 
Signorotti, Hull, and Kirk (7) and the assay of fractions was made by measurement 
of the uptake of radioactive phosphorus  (8). This closely paralleled  the microscopic 
appearance of the cultures and has proven a sensitive index of growth since the total 
incorporation of tracer phosphorus has been shown to be in excellent agreement with 
the synthesis of desoxypentose  nucleic  acid (8-10). Roller tube  (7)  cultures were 
made of half hearts in a thin layer of 0.2 ml. of 20 per cent chick plasma.  Each test 
fraction was administered  at a 20 per cent level in Tyrode's solution containing dia- 
lyzed embryo extract (11) at the same level. The initial 2 ml. of medium were changed 
on the 3rd day of the experiment and the assay of radiophosphorus  was made dally 
for 6 consecutive days (8). Microscopic observations  were noted at the same time. 
Ultraflltrate.--Embryo  extract was ultrafiltered by replacing the asbestos pad of a 
Seitz filter with a layer of plain transparent cellophane supported by a double layer 
of gauze and a disc of Whatman No. I filter paper (12). All ultrafiltrates were pre- 
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pared at 4 ° under a pressure of 30 pounds per square inch and the yield was about 
50 ml. in 4 days. The "protein" residue from this preparation was insoluble and con- 
tained little growth-promoting activity in the presence  of ultrafiltrate.  A  combina- 
tion of the  ultrafiltrate  and  di~lyz~l  extract  (reconstituted  medium)  gave growth 
identical to untreated extract. The ultrafiltrate could be lyophilizod to a powder and 
stored for at least 6 months without any loss of activity. 
The  degree  of fractionation  was estimated  by  the  nitrogen  content  determined 
according to the method of Tompkins and Kirk (13). 
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Fro.  1.  Radioactive  phosphorus  uptake  with  alcohol  extract  fractions  of  lyo- 
phil~,cd ultrafdtrate. --, alcohol-soluble. --  -- --, alcohol-insoluble. O  O, 
alcohol-soluble  +  alcohol-insoluble. A  A, reconstituted. 
RESULTS 
Solwnl  Extraction.--Extraction  of the  dried  ultraffltrate  with chloroform, 
ether, butyl alcohol, or absolute ethanol resulted in inactive preparations. The 
active compounds could be extracted with 70 per cent ethanol. The dried pow- 
der was extracted  with 3 aliquots of the alcohol so that the total volume was 
equivalent  to the original volume of tdtraffltrate used. The powder was washed 
with aliquots  of 95 per cent and absolute  ethanol, and 1 aliquot of ether. The 
combined extx~ct and washings  were dried in ~acuo and the residue was dis- 
solved in a volume of Tyrode's solution equivalent to the volume of ultrafiltrate. 
This extract  contained  all the compounds required to restore the growth-prc~ 
moting ability of dialyzed  embryo extract in roller tube cultures. When added 
to cultures at the 20 per cent level,  it resulted in growth identical  to cultures SHELDON  ROSENBERG,  ELSA  ZITCER~  AN'D PAUL  L.  KIRK  233 
FIG. 2.  6  day roller tube  cultures of chick heart.  Comparison of  embryo extract 
and the IR-120 fraction of ultrafiltrate. 
TABLE I 
Nitrogen Content~ Fractions ~ Embryo Extr~tUltr~ltrate 
Fraction 
Ultrafiltrate 
Alcohol-soluble 
IRC-50-IE* 
XE-67-IE* 
IR-120-IE* 
IR-120-NaOH 
Individual 
preparations 
Range 
~g./ml. 
605-640 
135-160 
103-153 
17-37 
20-22 
Nitrogen 
Mean 
ug./ml. 
623 
143 
113 
128 
23 
21 
* IE refers to the fraction prepared by passing the alcohol extract through the resin column 
and combining the eluate and washings. The volume is then adjusted to the original quantity 
of ultrafiltrate used in the fraetionation. 
with reconstituted medium.  The  area of the cultures and  the  condition of the 
cells could not be distinguished from those in embryo extract and the uptake 
of  radioactive phosphorus,  shown  in  Fig.  l,  was  typical of  growing  cultures. 
The nitrogen content,  shown in Table I,  indicated that  the  alcohol extraction 
had resulted in a  fourfold purification of the required compounds. The alcohol- 234  TISSUE  CULTURE  STUDIES 
insoluble  fraction contained about  75  per  cent of the ultrafilterable  nitrogen, 
but  was  completely inactive. 
Ion Exchange Purification.--It  was not possible to identify the large number 
of compounds in  the alcohol-soluble extract.  Several methods of ion exchange 
purifcation  were,  therefore,  attempted.  Samples  of  several  different  ion  ex- 
change resins 1 were utilized.  In each experiment 2 gm. of the resin was slurried 
into  a  column  8  mm.  in  diameter  and  converted  to  the  desired  form  (14). 
10 ml. of the alcohol-soluble extract was passed  through the column at a  flow 
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FIG. 3.  Radioactive phosphorus uptake  by cultures with fractions of ultrafiltrate 
isolated  from amberlite  IR-120 column.  °--%  alcohol-soluble.  -- --  --,  IR-120- 
1E.  , IR-120-NaOH.  , IR-120-1E +  IR-120-NaOH. 
rate of 0.06 ml. per minute followed by a  wash of three column volumes of 70 
per  cent  ethanol.  The  combined  eluate  and  washings  were  neutralized  with 
either 0.1 ~  HC1 or 0.1 ~  NaOH and evaporated to dryness.  The  dry residue 
was dissolved in 10 ml. of distilled water and tested with cultures at 20 per cent 
of the medium in the presence of dialyzed embryo extract. 
Both  amberlite  IRC-50,  a  weak  carboxyl  type  cation  exchange  resin,  and 
amberlite  XE-67,  a  strong amine  type anion exchange resin,  failed to remove 
any of the required  compounds from the alcohol extract.  Both resins resulted 
in preparations that contained about 88 per cent of the alcohol-soluble nitrogen. 
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Cultures grown with these media were in every respect  identical  to those on 
reconstituted medium or untreated embryo extract. 
Amberlite  IR-120,  a  strong sulfonic acid cation exchange resin, when used 
in the hydrogen form, allowed the passage of only 15 per cent of the alcohol- 
soluble  nitrogen but  the fraction isolated  in  this manner showed  complete 
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FIG. 4.  Scheme for fractionation of embryo extract ultrafiltrate through ion ex- 
change step. 
activity. When tested at the 20 per cent level in the presence of dialyzed ex- 
tract, cultures with this medium could not be distinguished from those grown 
in 20 per cent embryo extract. At the end of the 6 day experimental period, the 
individual cultures in the roller  tubes were  almost grown  together and the 
spindle-shaped  ceils were typical of those found with untreated extract. Cul- 
tures in roller tubes are not readily photographed under high power, but Fig. 2 
shows the comparative growth as seen with the naked eye. The uptake of radio- 
active phosphorus,  shown  in  Fig.  3,  was  identical  with  that found for the 
alcohol-soluble extract of ultrafiltrate. 236  TISSUE  CULTURE  STUDIES 
Elution of the column of amberlite  IR-120 with 20 ml. of 0.1 g  NaOH re- 
sulted in a fraction (fraction IR-120 NaOH) that contained the same amount 
of nitrogen as the eluate fraction (fraction IR-120-IE)  but this preparation was 
inactive.  Microscopic observations were in complete agreement with the assay 
of tracer phosphorus,  shown in Fig.  3. 
The  two-step  fractionation of the ultrafilterable  portion of chick  embryo 
extract, shown diagramatically in Fig. 4, resulted in a  preparation that con- 
tained 3 per cent of the ultrafilterable  nitrogen.  When tested on explants  of 
chick heart in roller tubes, it appeared to contain all the dialyzable compounds 
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Fro. 5. Ultraviolet absorption spectrum of IR-120 fraction, 1:5 in distilled water. 
that were required to completely restore the growth-promoting  ability of dia- 
lyzed embryo extract.  The  ultraviolet absorption spectrum  of this  fraction 
shown in Fig.  5, indicated that there probably was a  low content of nucleic 
acid derivatives. The amino acids of this fraction have been identified as taurine, 
serine, and glutamic acid (2) and the intensity of their reaction with ninhydrin 
on paper chromatograms showed that the amino acid content of the IR-120-IE 
fraction was relatively high. 
DISCUSSION 
It has been noted that for short term experiments, horse serum is not required 
as a component of the medium (6). This would suggest that the essential com- 
pounds of the medium can be supplied solely by embryo extract and the salts 
present  in  the  diluting fluid.  Since  the  empirical  development of synthetic SHELDON ROSENBERG, ELSA ZITCER, AND PAUL L. KIRK  237 
media  (4,  5)  has  not been  completely successful,  an  analytical  approach  is 
indicated.  Once the components in embryo extract have been characterized, 
the road toward development of a synthetic medium becomes dear, The present 
investigation is one step in that direction. 
The  alcohol-soluble  fraction  isolated  from  lyophillzed  powders  of  chick 
embryo extract ultraffltrate appears to be quite comparable to the preparation 
isolated by Harris (3). It was too complex to identify the components and study 
their effects. Chemical  fractionation of such mixtures had only limited success. 
Fischer  and  coworkers  (15)  tried  unsuccessfully  to  precipitate  compounds 
fractionally from extracts  of yeast,  barley, and  malt.  Ion exchange,  on the 
other hand,  offered the possibility of isolating  or removing large  groups  of 
chemically related compounds, by a  technique that was rapid and mild.  The 
procedures have been standardized and no extraneous reagents are added to an 
already complex system. 
The IR-120 fraction contains relatively few compounds and represents an 
approximately 35-fold purification of the essential  compounds in the ultrafilter- 
able portion of embryo extract based on the nitrogen content. The basal test 
medium, containing Tyrode's solution and dialyzed embryo extract,  gives no 
growth when added to chick heart explants in a thin plasma clot. The addition 
of the IR-t20 preparation  results  in a  dynamic increase  in  the area  of the 
cultures so that they are comparable to cultures in untreated embryo extract. 
In every respect, the IR-120 fraction appears to contain all the dialyzable corn- 
pounds  that  are  required  by the  system. The  low  nitrogen  content  of this 
preparation suggests that the cells in vitro derive their main source of nutrition 
and therefore,  precursors to cell synthesis, from the large molecule components. 
This view appears to be confirmed by the apparent low content of purines and 
pyrimidines indicated by the shape of the ultraviolet absorption spectrum and 
by the small  number of free amlno acids (2).  The finding  by Earle and  co- 
workers (16) that Parker's  199 medium (5) is insufficient  for growth of strain 
L  mouse cells further suggests that  this interpretation  might  be correct. 
Neither  dialyzed embryo extract  alone nor the IR-120 fraction alone,  can 
support growth beyond 2 or 3 days. When added together the activity is com- 
parable to that of unfractionated extracts so that there appears to be a syner- 
gistic action dependent  on a  delicate balance in  the respective components. 
When the nature of the high molecular weight components is known, additional 
light will be shed on this very complex problem. Kutsky and Harris (17) have 
made some observations on this fraction. 
SUu'M  ~RY 
A fraction of the ultrafilterable portion of chick embryo extract was isolated 
by alcohol  extraction of a  lyophilized  powder of the ultrafiltrate followed by 
ion exchange  removal of many of the inert components of the alcohol extract. 238  TISSUE  ClYLTURE  STUDIES 
This fraction contained 3 per cent of the ultrafilterable nitrogen but was capable 
of  completely  restoring  the  growth-promoting  activity  of  dialyzed  embryo 
extract,  when tested with  chick heart  fibroblasts in roller tube cultures. 
The low nitrogen content, shape of the ultraviolet absorption spectrum, and 
presence of few free amino acids, suggest that non-dialyzahle compounds serve 
as the chief source of nutrition for this system. 
BIBLIOGRAPHY 
1.  Rosenberg, S., and Kirk, P. L., Science,  1953, 117, 566. 
2.  Rosenberg, S., and Kirk, P. L., Arch. Biochera. and Biophysic., 1953, 44, 226. 
3.  Harris, M., Growth, 1952, 16, 215. 
4.  White, P. R., Growth, 1946, 10, 231. 
5.  Morgan, J. F., Morton, H. J., and Parker, R. C., Proc. Soc. Exp. Biol. and Med., 
1950, 73, 1. 
6.  Ehrmann,  R. L., and Gey, G. 0., J. Nat. Cancer Inst., 1953, 13, 1099. 
7.  Signorotti,  B., Hull, W., and Kirk, P. L., J. Gen. Physiol., 1950, 33, 315. 
8.  Hull, W., and Kirk, P. L., J. Gen. Physiol., 1950, 33, 327. 
9.  Hull, W., and Kirk, P. L., I. Gen. Physiol., 1950, 33, 335. 
10. Hull, W., and Kirk, P. L., J. Gen. Physiol., 1950, 33, 343. 
11. Harris, M., J. Cell. and Comp. Physiol., 1952, 40, 279. 
12.  Stewart, D. C., Thesis, University of California,  1950. 
13. Tompkins, E. R., and Kirk, P. L., J. Biol. Chem.,  1942, 143, 477. 
14. Laboratory Manual, Ambeflite Ion Exchange Resins, M  1746 Oct., Philadelphia, 
Rohm and Haas Co. 
15. Astrup,  T.,  Ehrensvard,  G.,  Fischer,  A.,  and  Ohlenschlager,  V.,  Acta physiol. 
scand.,  1947, 14, 195. 
16. Evans, V. J., Shannon,  J. E., Jr.,  Bryant, J. C.,  Waltz,  H. K., Earle, W. R., 
and Sanford, K. K., I. Nat. Cancer Inst., 1953, 13, 773. 
17. Kutsky, R. J., and Harris, M,, Anat. Rec.,  1952, 112, 419. 